Abstract. After the impoundment of Shifosi Reservoir in Liaohe river, the groundwater level raised in downstream area of auxiliary dam on the right bank, resulting in zone immersion problem and serious effect on agricultural production. In order to determine actual downstream immersion area due to impoundment, the Visual Modflow software was used to establish the model of groundwater movement, to calculate the groundwater raising, to simulate the groundwater status in downstream area of the right auxiliary dam of Shifosi Reservoir, and to predict downstream groundwater contour and immersion area of the right auxiliary dam under different water storage elevation. The results show that the groundwater level is relatively high, the immersion is fairly serious and the immersion area above the elevation of 45.5 m is 1.28 km 2 under the normal water level of 46.2 m; while the water storage level is lower, the downstream groundwater level is decreased consequently, immersion phenomenon is slowed down, and the immersion area is reduced as well.
Introduction
Shifosi Reservoir is the only control water conservancy project in Liaohe River. The main function of the project is flood detention. The perennial normal water level is 46.2 m. Sometimes the sluice gate will be opened to reduce water level according to the objective demands. However, the low water level operation duration is very short, and then storage is restored to normal water level. The right auxiliary dam of the reservoir is homogeneous earth dam, which has a 20.6 km length and 8.1 m maximum height. After the completion and impoundment of the first-stage project in 2006, the immersion phenomenon was found in different degree in the lower reaches of the dam on the right bank, which had a great impact on the local agricultural production. Some farmland was flooded, and some upland field was forced to change to paddy field. The main reason is that the reservoir impoundment changes the groundwater environment, causing a rise of groundwater level in the lower reaches of the dam on the right bank, resulting in immersion problem in the area. In order to determine actual downstream immersion area due to impoundment, the Visual Modflow software was used to establish the numerical simulation model of groundwater movement, and to predict downstream groundwater contour of the right auxiliary dam and immersion area under different water storage elevation.
Groundwater prediction methods include mathematical model method and analogy prediction method. Mathematical model methods include numerical method, analytical method, equilibrium method, regression analysis, trend extrapolation and timing analysis. The numerical simulation method is one of the main means to evaluate the groundwater resources, simulate the occurrence and development of some hydrological processes in nature. Commonly used numerical simulation software are Visual Modflow, GMS, Visual Groundwater and so on. Among them, Visual Modflow is the most popular in the world currently, and it is the standard visualization professional software package to simulate three-dimensional groundwater flow and solute transport (Ding, 2008) , which has a powerful visualization and simulation capabilities. Modular structure of Visual Modflow is convenient for the user to add programs and improve functions according to the actual needs.
Interface design consists of three modules that input (pre-processing) module, operation (processing) module and output (post processing) module, which three modules are connected and relatively independent with each other (Wang, 2007) . The input module is to complete the initial and boundary conditions of input, he operation module is to provide a variety of algorithm simulation, and the output module is the output of intuitive graphical results, and can conveniently calculate 3D streamline distribution and water quality at any time point of the moving position (Jia, 2003) .
Visual Modflow has been widely used in the field of roadbed drainage simulation, slope stability simulation and water resources evaluation simulation (Zhou, 2001; Ran, 1999) . It is mainly used in the exploitation of groundwater early-warning, groundwater overexploitation and deterioration of groundwater environment monitoring in the field of water resources evaluation (Hu, 2006) , served for rational exploitation and protection of groundwater. Due to Visual Modflow can simulate particle trajectory and propagation time in the process of groundwater flow and simulate the transport process of pollutants in the groundwater, it has been widely used in the study of seepage of rivers and lakes in recent years. Lv J.W., Zhou X.H. et al (2003) studied the flow status of the aquifer during the in-situ leaching of a uranium ore and achieved good results, according to which provided guidance to the production practice (Lv, 2003) . Zhou N.Q., et al (2001) in Nanjing University evaluated the groundwater resources, simulated and forecasted the groundwater level and water yield of SuQian city by Visual Modflow. On the basis of this, a reasonable exploitation scheme was developed to effectively control the decrease of the water level, which provided a basis for the rational development of groundwater resources (Zhou, 2001 ).
The Numerical Simulation of Underground Water in the Right Bank Auxiliary Dam of Shifosi Reservoir
The downstream area of the right auxiliary dam of Shifosi Reservoir located in the middle of Liaohe faulted alluvial fan of Liaohe Plain, landscape genetic type belongs to accumulation landform, including floodplain, terrace and limnetic depressions, and quaternary alluvium area is widely developed. The main aquifer lithology is medium-coarse sand, gravel sand and gravel layer in the reservoir area, the thickness of medium-coarse sand is 4.5～14 m, the thickness of gravel sand and gravel layer is 15～20 m. The aquifer of the right bank is generally 15~27 m thick, continuous aquitard, good permeability, with shallow groundwater depth, generally 1~3 m.
When using Visual Modflow to simulate the groundwater, the first to establish the discrete 3D model (grid, layers), and then determine the hydrogeological parameters and boundary conditions of each calculation unit model (permeability coefficient K) value, finally calculate the flood peak by finite difference method (Zhou, 2001 ).
Establishment of Mathematical Model of Groundwater Flow
Range of Simulation Area. Taken the main effects of the reservoir immersion on the production and life of the surrounding agriculture into consideration, the groundwater numerical simulation and prediction is based on the field investigation. The range of simulation area is from Zhu Jia Bao to Chen Ping Bao in the right bank auxiliary dam of the Shifosi reservoir, the length is 3.38 km, and the area to side dam axis is 2.88 km 2 within the scope of 0.55 km.
Aquifer Type. According to the local hydrogeological conditions, it is determined that the aquifer is unconfined aquifer. According to the type of aquifer, lithology, thickness, water conductivity of aquifer, the model is generalized into inhomogeneous isotropic aquifer, and the part is considered as homogeneous.
Generalization of Groundwater Flow. Due to the effect of dry season and the wet season in simulation area, groundwater level has certain changes and the water flow is at unsteady state. While in general, the groundwater moves in laminar and the flow follows Darcy's law. The whole area can be regarded as a two-dimensional plane flow that unstable.
Model Building. Start the Visual Modflow, create a file named. vmf in the specified folder.
Project setting are shown in Figure 1 , in which the type of flow choose saturation density constant current, and unit of quantity choose international unit system. Set up the water flow after the project setting, the flow parameters are selected on the basis of shifoshi reservoir existing geological survey report, the horizontal permeability coefficient is 3.8×10 -5 m/s, the start date and start time of the model depend on the start time of the simulation period. Flow parameters are shown in Figure 2 . According to the hydrogeological conditions, structural characteristics and hydraulic characteristics of the system, the parameters of aquifer, initial conditions and boundary conditions are imported in the simulation area, a finite difference conceptual model with 30 lines × 3 columns × 30 columns is established in Visual Modflow, there are totally 2700 effective grid. The satellite map in the right auxiliary dam of Reservoir is imported, and the grid and base map will be displayed on the screen, as shown in Figure 3 . Then respectively import the accurate elevation data of each layer from the toolbar. Use inverse distance method to interpolate data, and create grid elevation window as Figure 4 . Implement the data interpolation imported, the window is shown as figure 5 , the 3D data model is shown as Figure  6 . 
Head Boundary Condition Setting
The reservoir is communicated with the groundwater of the river bank, and the change of reservoir water level will directly affect the change of the water level of the river bank. Therefore, the water level of the reservoir after impoundment can be determined as the boundary water level of the upper constant head, Shifosi Reservoir perennial running water is 46.2 m. The river is set to constant head boundary. Use the established model to simulate and predict the underground water level of downstream dam on the right auxiliary dam for Shifosi reservoir at different storage water level.
According to the comprehensive geological survey report, underground water level is 43.81 m at about 1200 m in the right bank auxiliary dam. 43.81 m is considered as a constant head boundary condition. The reservoir impoundment water level is also the constant head boundary condition.
Determination of Infiltration and Evaporation Boundary
Surface water infiltration caused by irrigation and precipitation is an important method for groundwater recharge. The precipitation infiltration is mainly reflected in the influence of vertical surface infiltration on groundwater recharge. Infiltration is a very complicated process, which is not only related to irrigation, rainfall amount, intensity and distribution, but also affected by underlying surface condition and climatic condition. Evaporation process is also a complex process, the average evaporation intensity in this area is 1700mm based on observation data of many years.
River Boundary Conditions Setting
The river boundary of Visual Modflow can simulate the interaction between surface water and groundwater by a seepage layer of surface water and ground water. The data required by the river boundary element is river stage, riverbed bottom, bed thickness, the hydraulic conductivity(c) and so on. Hydraulic conductivity is a numerical parameter that indicates the flow resistance between surface water and groundwater caused by seepage layer (river bed). The hydraulic conductivity is
, which L represents is the length of the unit and W is the width of the river, M is the thickness of the bed and Kz represents the permeability coefficient seepage layer of the seepage layer.
Numerical Simulation Results and Analysis
According to the existing survey results in feasibility study report of Shifosi Reservoir, the height of the bed is 41 m, the thickness is 2 m, the width is 50m. Taken different storage water levels as the boundary condition of river, use the established model to simulate the operation, output the numerical simulation results of groundwater in the study area under the storage water level respectively as 46.2 m、46 m、45 m and 44 m. Under the working condition of Shifosi Reservoir normal water level 46.2 m, the simulation results of the water level and the submerged area of groundwater in the study area are shown in Figure 7 .
As shown in figure As shown in figure 9 , when the water level is decreased by 0.2 m, the immersion area is reduced from 1.28 km 2 to 0.887 km 2 and a decline of 30.85% above 45.5 m elevation, which is the most obvious. The immersion area has slight fluctuations in other elevations.
When the reservoir water level is 45 m, the simulation results of the water level and the immersion area of the groundwater in the study area are shown in figure 10 . As shown in figure 11, in the case of lower reservoir level (44 m), the underground water level is maintained in the study area at around 43.9 m, which is a little immersion phenomenon.
Conclusions and Discussions
Because of the serious impact on the surrounding environment of groundwater during the water storage operation of the Shifosi Reservoir, it is necessary for the downstream area on the right bank to simulate and predict the groundwater environment. Combined with the engineering practice of Shifosi Reservoir, numerical simulation for groundwater in Zhu Jia Bao and Chen Ping Bao has been carried out in this paper. Research results show that the underground water level in the lower reaches of the dam on the right bank side increased after impoundment, and the groundwater level in the area of poor excretion increased significantly. Under the normal water level 46.2 m, the groundwater level of the 320 m range of the auxiliary dam is higher than the 45.5 m, area of 1.28 km 2 , and severe immersion. When the storage water level decreased by 0.2 m, 45.5 m potential line is reduced to 200 m distance from the dam axis, which was originally at the 320 m distance from the downstream; the immersion area that higher than 45.5m sharply decreased to 0.887 km 2 , with a decrease of 30.85% and a slight immersion; when the water level continued to decline, the immersion area gradually decreased; when reduced to 44m, the immersion disappears. In view of this, the water level in the downstream of the auxiliary dam is greatly influenced by the storage water level, and the degree of immersion is closely related to the storage water level.
During the numerical simulation of groundwater, it is necessary to fully understand the general situation of the project and the hydrogeological conditions of the study area. On this basis to accurate boundary conditions, reasonably determine the parameter value in the calculation model, which are very important to simulation and prediction.
